One of the concepts of radio interferometry which is very difficult to apply to the visible domain is phase closure. The main difficulty is the spatial requirement, namely that all pencil beams will interfere with all other beams on a flat detector. We use a pair-wise combination method using anamorphic stretching of the beams. All beams are lined up, imaged through a cylindrical lens into a square where each beam is now spread into a parallel line. The comb of lines is made to interfere with a copy of itself rotated at 90 0 . A rotation shear interferometer is employed for that stage, and the cross pattern of apertures is imaged on the detector. The diagonal shows interference of each beam with itself, for intensity calibration purposes. An extended source clearly reduces contrast on some off-axis patterns, in a symmetric manner. We have already tested two designs in the laboratory using lasers and white light.
INTRODUCTION
While many astronomical interferometers have been built over the years in the visible and infra-red, there was always a strong limitation which prevented their full usage when compared to radio interferometers. This is the limitation of beam combination. It is very important to combine as many beams in the interferometer simultaneously, creating actually a big telescope. True, this telescope is highly diluted, but the addition of all beams creates a highly speckled image, which can now be treated in the computer and combined with other time-lapse images for a fuller picture. The speckles are the result both of the sparsely-filled telescope and the non-common path-length variation between the beams. But because of the fact that many beams are added up, these variations can be cancelled, using the technology of phase closure 1 .
It is possible to combine all beams simultaneously on the same detector, and it is also possible to combine them pairwise on different pixels or different detectors. The advantages and disadvantages of each such method and variations thereof have been discussed in great detail in many places 1 and are omitted here for the sake of brevity. We choose here to follow the pair-wise option, and deal with one of its deficiencies, namely the problem of combining many pairs simultaneously, efficiently, and simply. These multi-combinations allow the measurement of visibility on each telescope pair and their combination by phase closure into a fuller image of the observed object.
CURRENT APPROACHES
The problem of pair-wise combination can be described as a geometrical one: we have a number of beams, hopefully more than two, and up to eight or ten. These beams arrive from stellar light collectors of the same or different sizes, such as telescopes or siderostats. How do we get these beams to overlap with all other beams? Today, essentially the only choice is: use many beam-splitters, split each of the N beams N-1 times, and get each of these to interfere with all others. This problem becomes rather cumbersome when N grows beyond three or four. Even if the beams cross each other, it is rather hard to find a geometrical solution for them to meet. It addition, it is advisable to get each pair to overlap so as to have small angle between them and interfere them on a single-pixel detector for better light concentration. This geometrical task is even more complicated by the fact that each split and each combination affects the polarization state, the color content, and photon absorption, thus diminishing the ratio of signal to noise.
Another added complication is the need for intensity calibration. As usage of adaptive optics and fiber guiding of the beams becomes more prevalent, the equality of intensities between the beams becomes scarcer. Thus some of the light needs to be split once more (essentially the N th time) to measure and calibrate away these variations. Again, geometrical limitations and non-common-path errors reduce the quality of the calibration.
A NEW APPROACH
The employment of beam-splitters for interferometry is essentially amplitude splitting: the amplitudes of the incoming beam is split into two outgoing beams. Another, less used, alternative is the wave-front splitting. Instead of separating photons in time into one path or the other, they are split in space into one of the paths. The division now is not random any more, but can be deterministic. If the wave-front can be mapped back to different aperture points, each such subaperture will lead into a different path. This condition is not always held, especially if the light is guided in a fiber. In these cases, randomness in space and in time is indistinguishable (the ergodicity assumption).
In this case of randomness, the wave-fronts of the various beams can each be divided in many ways. To simplify the solution, an anamorphic method was taken, in which each (round) beam is stretched in one dimension, and then each section of the stretched wave-front is made to interfere with sections from other beams (Fig. 1) . By processing all beams with the same optics, these two fits, stretching and combination, can be performed rather easily. Moreover, the inherent differences between the various paths in the beam-splitter schemes are essentially avoided (Fig. 2) . 
BULK OPTICS
The whole process is achieved by cylindrical lenses and a novel rotational shear interferometer. First the beams are lined up and extended in the direction normal to that line. This was achieved in the recent design by a pair of parallel cylindrical lenses which formed an anamorphic optical collimator, with different focal length in each of the two directions orthogonal to the beam propagation. This set-up extended the of line N beams into a comb of lines, each beam stretched N times its width. This pattern of beams (henceforth, a ray) was sent into a non-planar Sagnac interferometer, using a single non-polarizing beam-splitter. The interferometer itself is a folded pentagon, with one of the mirrors outside the plane of the incoming and outgoing comb of light. By folding the light out of the plane and back in again, it is possible to rotate each counter-propagating ray at any angle about its own axis, so that the outgoing rays from each arm are now rotated at twice this angle with respect to each other. Initially we chose this angle to be 45 0 and the rays' mutual rotation by 90 0 . The two interfering rays were then imaged on a CCD detector.
For our light source we used an arc lamp (Solarc) and limited its coherence by a pinhole. The pinhole was placed in the focal plane of a lens, to form a source at infinity. This source was then imaged by another lens, again placing the mask with the holes mimicking the beams just behind it (extending normal to Fig. 3) . These beams were then expanded by cylindrical lenses and entered a Sagnac interferometer, which was extended from a square shape by a fifth mirror out of plane with the rest of the beams. Fig. 3 . Experiment with incoherent light. An arc lamp illuminates a pinhole to create an "extended star", and a lens places it at infinity. A lens ("telescope") images this source, and the mask behind it limits the light to a series of round beams. These beams are made into elongated ones by two cylindrical lenses, and passed on to a shearing interferometer (Sagnac with an out-of-plane mirror). The total interference pattern is shown in the inserts, for two optical paths and thus different fringe phases. We used off-the-shelf optical components, and hence the wave front after the cylindrical lenses was not fully flat, which diminished the contrast at the edges of the diagonal (here, the central horizontal junctions). Still, it was easy to discern the higher contrast of the fringes within the coherence area of the source.
ANALYSIS
The images in-phase and out of phase (such as in Fig. 3) were analyzed for contrast (Fig. 4) . Indeed, relatively high contrast was found, even on this rather extended source. Then these were divided in order to achieve the visibility of the fringes (Fig. 5) . The highest contrast was over 40%, and averaged 20% in the central four beams. Even if we include all six beams, the visibility is 12%. This very high visibility was achieved on an extended white light source, with a non-polarizing beam splitter, and utilizing the asymmetric exit of the Sagnac interferometer. Moreover, the beam splitter had unequal response for different colors, thus reducing even more the maximum contrast available. Using a polarizing, color symmetric beam splitter would have obtained an even higher contrast, as well as access to the other beam, now reflected back into the source.
FURTHER WORK
The results achieved so far are very encouraging. Using the simplest equipment, we were able to achieve rather high contrast on the asymmetric output of the interferometer. To utilize all the light we need to use a polarizing beam splitter and two such interferometers, or re-capture the back-reflected light. Another alternative is to use a Mach-Zehnder interferometer instead of the Sagnac, again using a non-planar arrangement to rotate the beams. However, such a device has to be well stabilized, whereas with the Sagnac that was not necessary.
We also need to improve the beam density: right now we lose about half the light between the beam junctions. Provided we can bring the beams closer in the astronomical application, much less light will be lost. Other optical means to remedy this problem are now being investigated.
Since the fringes are in white light, the interferometer is extremely efficient. However, it can also gain some spectral information by dispersing the fringes across the beam junctions. In this case, in contrast to the previous one, it is preferable to have the junctions as distant from each other as possible. We have already made initial experiments of such dispersion. It is possible to disperse the junction fringes along the diagonal. The amount of dispersion is not so high, and is equal to the diagonal of the square divided by the size of the junction.
Finally, we need now to worry about issues relating to the detector. If the fringes are measured in a single fast detector, as in other beam combining applications, then vibrations, light fluctuations and phase deviations can be measured on the fly. If instead we use an area detector, the current rate at single-photon modes is 400 frames per second, achieved with wave front sensors for adaptive optics. Thus we might lose faster variations, or revert to employing an array of fast detectors instead of an area detector. On the other hand, issues relating to differential path variations occurring in the beam combiner can be neglected, since all the beams traverse the same path.
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